Abstract. We look at stateless multihead finite automata in their twoway and one-way, deterministic and nondeterministic variations. The transition of a k-head automaton depends solely on the symbols currently scanned by its k heads, and every such transition moves each head one cell left or right, or instructs it to stay. We show that stateless (k + 4)-head two-way automata are more powerful than stateless k-head two-way automata. In the one-way case, we prove a tighter result: stateless (k + 1)-head one-way automata are more powerful than stateless k-head one-way automata. Finally, we show that the emptiness problem for stateless 2-head two-way automata is undecidable.
Introduction
Inspired by biologically-motivated models of computing [3, 4, 6] , stateless multihead two-way finite automata and stateless multicounter machines were recently introduced by Yang, Dang and Ibarra [7] . These stateless machines are essentially one-state machines. The previous results [7] are mostly concerned with decidability/undecidability of decision problems such as emptiness and reachability. In this paper, we investigate the language accepting power of stateless multihead finite automata.
Denote two-way nondeterministic (deterministic) finite automata by 2NFA (2DFA), similarly denote their one-way variants by 1NFA (1DFA). We consider stateless k-head 2NFAs and define them as pairs of an alphabet Σ and a set of transitions δ. Let c, $ / ∈ Σ, be the left and right end markers. Each transition in δ is of the form a 1 . . . For an input string w ∈ Σ * , machines work on a tape containing cw$ and start with all heads on the left end marker. At every step of the computation, the symbols a 1 , . . . , a k currently scanned by all k heads are considered, any corresponding transition a 1 . . . a k → d 1 . . . d k ∈ δ is chosen, and each i-th heads is moved according to d i . If no such transition exists, the automaton rejects. If any of the heads falls off the tape, the automaton rejects as well. If the transition instructs all heads to stay, the automaton halts and accepts. The string is accepted if there exists a computation resulting in acceptance. As an example, the stateless 2-head 1DFA with instructions cc → sr, ca → sr, cb → rr, ab → rr, and b$ → ss recognizes the language L = {a n b n+1 | n 0}. We shall also consider the well-known k-head 2NFAs (2DFAs) with states, which use a finite set of states Q, and in which transitions are quintuples (q, a 1 , . . . , a k , q , d 1 , . . . , d k ) , with a i ∈ Σ ∪ {c, $} and d i ∈ { , s, r}, and with q, q ∈ Q being the current and the next states of the automaton. The automaton starts on a tape containing cw$ with all heads over c and having an internal state q 0 ∈ Q. At every step of the computation such an automaton may apply only transitions labelled by the current state q, and along with moving the heads it enters state q . The automaton accepts by entering a designated state q f ∈ Q.
It is known that for both for multihead 2NFAs with states and for 2DFAs with states, k + 1 heads are better than k heads [2] . For stateless machines, we would like to be able to show a similar result, i.e., that for k 1, stateless (k + 1)-head 2NFAs (resp., 2DFAs) are better than those with only k heads. Although the case k = 1 is obvious, we are not able to give a proof for the general case at this time. Proving such a result using diagonalization (as in the case of automata with states [2]) seems quite difficult, as this would involve constructing a stateless multihead 2-NFA M that is capable of diagonalizing over all stateless k-head 2NFAs. However, it is not at all clear how M can accomplish this without states. Nevertheless, in Section 2, we show how to reduce the hierarchy problem for stateless multihead 2NFAs (resp., 2DFAs) to the hierarchy for multihead 2NFAs (resp. 2DFAs) with states. But the resulting hierarchy we obtain is not as tight, as we are only able to prove that stateless (k + 4)-head 2NFAs (resp., 2DFAs) are better than those with k heads.
In Section 3, we consider stateless multihead one-way machines. We show that stateless (k + 1)-head 1NFAs (resp., 1DFAs) are more powerful than stateless k-head 1NFAs (resp., 1DFAs), matching the known hierarchy for one-way machines with states. In Section 4, we show that the emptiness problem (deciding if the language accepted is empty) for stateless 2-head 2DFAs is undecidable, strengthening a recent result [7] . It remains an interesting open question whether this result can be shown to hold for stateless 2-head 1DFAs (or 1NFAs).
Stateless Multihead Two-Way Automata
We shall mainly establish hierarchies of stateless automata by simulating automata with states and using known hierarchy theorems for the latter automata. However, a rough infinite hierarchy of languages recognized by stateless multihead
